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The Conservation Reserve Program (CRP)
was originally designed to reduce soil
erosion and commodity surpluses by
paying farmers to remove highly erodible
Lands (HEL) from crop production for
to years (Osborn 1993). Partners were

reqcurcd so stabilize she .lanu tsv pianrir.c
perenn.lai grasses or other protective vepeta—
ssoo. s csry benel.tts corn toe prog.Taus

lube ci ac.idit.ional wildlife habitat and
imnroved syaser quabt because of less runoff
footer coca crune agricultural ch.en:ucscts.

I 9b3, coral national CRP enrollment stood at
:i7s,o .sI lariners. wiC corns’ I.5 :nsl.hun he Cd

5 i 55) cc , p1 so n a c

as 5)515 Crest f5.i..
1s 5ta’c

in Colorado. ssscete than i ndilion ha, (2.5
as are its the psoglans. enco ipa inp

6,2(X) contrast holders, it is estimated that the
stats: S r . ‘c’.•r rec Buss Sb I mail lion
am steal ret cal pa/sue ms, dVit h contract expira

tion looming, some producers are consider
tog convertIng some CRP lands hack tc’
cropland. In a Colorado State University
survey (Colorado Rancher and Farmer.
09—i), producers responded that pow--con.-.
t.ract decisions would be based on:

1 market poses Cr crops, 2) loss of rorland
has-c for farm program participation, 3) ov
ciument price se ipport tur utups. ‘I) ezpcetcd
ceo sot crop prosluc cion, 5) market prices for
livestock, and 61 cost ot required con.sewation
n:t:ces. By dUB), sonic these

had changed. Farmers n longer isave to
worry about eroplat td n-isv ansi F u.n issi 55

prIce controls. The federal. emphasis today is

an e nvlrcinrncntai bcrtctet indeed and svatcr
quality However, a idderal procnam was ke.pe
ct place [or the oust hague lands, such as-

those with an erodihilit indea greater than
5 a is,! those svithin 31 sit ,!t’B 1/) of a leeds’

of water, I

butte tel’ the noire icadenuc 1-n.Cff p
ctucstions Cr the rsatio-ri and Colorallo are:
Ii which lands can be returned to f’irn’iuue
and what is the most eilbctive sod take—out
procedure for these lands. 2) is there a critical
soil orpsnmc carbon (SOC) level below which
land should not, be farmed, and 3 how do
producers maintain S(_)C or soil quality
improvements acquired over the CRP period
when retsirned to cropland A corollary to this
last 1uestsois is svhethcr a ico—til! operation cc
necessary upon sod take out to maintrin
SOC inst sod c1ualctv without sacr:tjcins’

Prudtuc’ers may convert ClAP tieidtstu
cropland if u-am prices appear lugh, or if the
CRP is discontinued (Lindstrone et ci, 1994’
I_luger tQ Halvorsont et al 2000) Ta pre
pare for such an action, a strategy has to he
developed to preserve improved soil condo
turns achieved with CR15 Taking out CRP
perennial grasses with herbicides and rio
ts.ilagt- appears to be the logical chooe for
minimal loss of soil quality benefits if such a
system can generate profit However, systenss
relying solely on herbicides have been inef
fective so controlling perennial grasses, espe
cially under semiarid conditions (Kieven and
Wyse 1984) Anderson 1996: F-lalvorson et ci.
2000). Our goal, therefore, was to evaluate
systems where reduced-tillage was combined
with a svsterruc herbicide to u’nprove peren
nial grass kill, yet preserve favorable soil
changes succruecl during the CR5’ period.

\Ve couaductc si two studies sri Color-ado tu
evaluate SOC levels in CRP farmer fields and
cc’. assess the p.occ.n:iai fur SOC loss suriric
CR15 grass conversion to cropiand. In the first
ittids our nsairt ohicctsve was to uusnrfd and
compare SOC lees is’ nt.lse RP sites in
adjacent continual winter wheat/summer
(SPecs (Ba: [s sites, and native or rangriand
so-d sites, Secondarilts we wanted to know the

niuution trotH
the 5,, RP ci-rauses, In the second srudau can a site.
distinct (Cm the fcrst our

:s.ssess cnanees in sc;ii proper
ties after C.RP smooth brornegre.ss tfitseotus

ccc ft -iii CR15 svascoi:ttssficd

it) .‘(i)i tcss,ssl nFS’ct as,l

)7. Fttssshei 2 R’qss’sssssd ‘: .,q -:5055
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Conservation Reserve Program: Effects on
soil organic carbon and preservation when
converting back to cropland in
northeastern Colorado
P. A, Bowman and B, P. Anderson

ABSTRACT: Information on the potential for carbon sequestration from the Conservation Reserve
Program (CRP) and knowledge concerning the fate of accrued carbon on sod takeout and
recroppiug to a wheat-based rotation are essential. We conducted two separate field studies in
northeastern Colorado to quantify the soil organic carbon (SOC) changes after various amounts
of tin-ic in the CRP program, and to assess problems associated with converting CRP grass to
cropland and the potential tot loss of accrued SOC with different tillage systems. For our first
objective, we assessed six CRP sites, with three sites showing increased SOC content over the
adjacent winter wheat/summer fallow sites, and three sites showing no differences. In the
conversion study, systems with little or no tillage yielded more winter wheat (Triticurn aestivum L.)
grain than systems with tillage because of more available soil water at planting time.
Furthermore, SOC toss was less with no-till and reduced-till (herbicides plus one tillage) systems
than by conventional tillage with numerous sweep plow operations. Thus, NT and reduced-till
systems designed to control perennial CRP grasses will enable producers to maintain some of
the gains in SOC when CRP land is converted to cropland.

Keywords: Carbon sequestration, crop biomass, native sod, soil organic mattep wheat/fallow
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:\tier sod rake au a cereal-Uwa tation

vinrer whejttabo’,vt v di slitters- it trlkiee
Svsteiiis tinge ed to ew,iujte ties” sLiter—

era iiiartagenwni practIces as they afbst seed

bed, weeds, plant cover, crop growth, grain
yields, and SOC changes..

Methods and Materials
comparison of SOC thanges in CRI

W/I and natii’e sod sites (‘Study 1). Six CRP
sites 1mm producers fields were selected in

northeastern Colorado (Table Ic two estab—

lished in 1956, two in 1988, and twc’ in 1990.

lhcse SitCS were sampled in the spring of
99tj. At all sites, soil samples were taken from

the 0-5 and 5—15 cm (0—2 and 2-6 in) depths
in the CR1 adjacent native sod, and continu
ous W/F sites Profile depth to lime was
determined as a surrogate for the depth of the
A and B horizons (solum), where the bulk of
the rooting volume is generally found.

Generally, these sites receive about 420 mm
16.8 in) of precipitation annualiss with about

50% occurring in April through September.
Frost—free season is about 139 days, with aver

age frost—free dates of May 11 to September

2ff
We sampled all three nianagernent site

types (CRP,W/l( sod) in areas of comparable

soil type, slope, and aspect. Soil samples were
taken from five different areas (within each
management site replication). The sampling
area consisted of a central point with four
others around it in the farm of an ‘‘X’’ with

‘-t(.)deyree angles SotI samples were taken

.8cur 50 m (165 ii from the central sampling

p’ inc There seose three eumposited samples

within S m (16 ft cf one anuthenl tSar each
field sampling point

Introduced CRP grasses at each site
were intermediate wheatgrass (Thdsopyruni

iuermedirso) smooth bromegrass. switchgrass
:Pcuicum tsirgarcm L) little bluestem
..SahOsathymor sosrsariurn), and sideoats grams
Lisesrcllusa ssos sirs/a, Vess eta ti biornass

us- thc

I”eoscfic-ee’ so as -‘r was riot

t)csirlinant grass species at the ss 2 treatment

were blue ram, (Botseka ,grdlllfs), buffalo

crass (Burke docr/ioidea), arid western wheat—

grass (Pascrsvynoti aniEthu). Data from the
S S.. Deparmaent of Agriculture batural
‘orra Csanservation Sers:icr (USDA

tCation exchange capacity
tSoil bulk density

Counrvl9S2) showed that these native range
areas generally produced frcsrn 800 to I 21.1(1 k
of biomass per hectare (715 to 1070 lb ac°)
depending on texture, slope, and rainfall
patterns.

con m’ersion ofgrassland to cropland and its
effi’ct on SOC (‘Study 2,), From 1994 ts1998,
in a separate studs we compared the effect on
SOC content of four tillage systems for con
trolling grasses at a site planted to smooth
bromegrass. The CR1’ was established in the
spring of 1987. but a waiver was given to

the Agricultural Research Service by the
USDA NRCS to conduct the research before
the mandatory lO-year rninimuna expiration

time. Tillage systems were comprised of
various combinations of glyphosate [N
(phosphonomethyl)glycine] applications and
tillage with a sweep plow ranging from no-till
to conventional—nil systems (‘Table 2). The
sweep plow consisted of V—shaped blades
75 cut (30 in) wide that sever weed root’s wtth

soil d.istsirbaoce and a sirps.h

5-8 ens (2-3 in). No-till plot/woos to owed
in August to mitrinsize intereeptio riot spray
solu.tion by dead plant material and It, stimu

late fill growth of smooth bromegrass.

Experimental design was a rardoisuzed

sc.mmlete block with mr repi/arors. Plot

PLncr fine sandy loam (Aridic Paleustollst.
The study vvas repeated in 1995.

\Vinter wheat, ‘FAM 107, was planted at
65 kg ha° (60 lb ac ) in late September 1995
with a no—till disk drill, Armnornium nitrate
(NH4NO3)was applied broadcast an 65 kg
ha° (73 lb ac°) heffire the winter wheat
was planted. Grain yield was determined by
harvesting a 15 m by 16 m (5 ft by 50 ft) area
of each plot

Soil water content was deterrriined gravi—
metrically (Gardner 1986) for all treatments

before planting winter wheat, Two saniples
were collected per plot amid divided into 25
em (10 in) increments. Sampling depth was
1.5 rn (5 ft, Volumetric water content was
convened to available water by using a lower
limit of water extraction (wilting point) of 8%
(Nielsen et al, 1999).

Grass residue levels on the surface were
measured after winter wheat planting by the
tine tratisect method (Fallen et al 198fl.

Table 1. Selected physical and chemical properties for the six native sod sites (0-45 cm).

Site soil pil CEC’ Db’ Sand Silt Clay Depth
to
Series 1:2 lime

r’n,.lfl ,1,’rn -—-—— Ce — cm

Platner 7.0 153 1,35 0.45 0,37 0,18 >40
Norka-Colby I 7,8 165 1.27 0.33 0.49 0.18 20
CoI I 7,5 12.8 1,35 0,37 0,40 0,23 20
Keith-Kuma s.l 6,4 13,4 1,27 0,38 0,40 0,22 >30
Aseabon at 6,3 14.0 1,40 0,70 0,18 0,12 >40
Ascabon at 6,3 14.0 1.40 0.62 0.33 0,12 >40

Table 2. Cultural components of tillage systems for converting grassland to cropland
study.

Timing of cultural operation

Tillage_System August October May June August September

No-till Mowing 0: 1.2 0: 1.2 0: 0.8 0: 0.6 0: 0.6

Reduced-till - I 7 0: 13 0: 0.8 0: 0.6 6: 06

Reduced-till - II 7 X 6: 0.8 6: 0.6 5: 06

Cooverttii.t.nai-ti)i .7 7 7 - .7 X

G: represents variable amounts of glyphosate applied (kg active ingredient/ha)

X represents tiliage with a sweep plow.

we re .Iaid otit diat’o rially. with residue cs.urstesl

at 50 predetern’un.ed points along each Iran—

(cot
A visual esti.ma.te of land area infested and

p(mber of smootlibroine grass pla is rs were

recorded in early 5.1 a and 18 (is: w:nter



tatretiw Three 1 to 10.3 ii sites were
each p!ot ncr plant

herear. the scOots 55 essluatesi
or grass ml station.

For SOC evaluation among tillage treat—
menu, soil samples were taken in the spring

at the 0-5 and -15 em (6-2 and 2—fl
ohs Four composite samples were

taken from each treatlnent flir all four
replicates. The sod soil samples were taken
from a site cf the same soil series and general.
slope fl;aracterioics across the tOad from the
idlapt’ study Soil samples were air dried and
passed n’irou-eh a 2 toni (0 1 in) screen befOre
a rialym

A.naiyses. For comparisons among W/F,
sod, and CRP sites, the following analyses
were cciermlrisui: total SOC and total N by
C—N gas analyzer and chroimc acid digestion
(Nelson and Summers 1952), total soil P (TP)
(Bowman 1988), soil texture (hydrometer
method), sod p1-1 (1:1 in water), and hulk
sississiry (core method).

Statistics. For Study 1 , analysis of variance
was conducted br dhffrrences in SOC con
tent for the three management site types fOr
all six sites at the two depths Sites were
assessed collectively and singly. For Study 2
(recropping study), the effects of tillage sys—
tents on SOC Content were determined.
rvlean separation by Duncan’s Multiple
Range ‘Fest (P 005) was used to evaluate
ssgniflcarst differences for both studies. For the
six CR1’ firmer held sites (Study 1). cornpar—
nuns ss crc oxide fOr all six sites and within

cv treatments (CRB \X,Ji1’( sod). For
ths cccv ;rsion study (Study 2), cornparisoiis
were made for SOC content at the 1.5 cr0
(6 in) depth two years after the various tillage

sterns svete imposed.

benefits of CRP in remnis of sod quality and
SOC changes, direct comparisons were made
on the three management treatments (sod,
CRlW/F with the assumption that, because
of spatial proximity changes were essentially
to the result of rilanagemerit treartrients and
not differences in initial soil conditions.Thus,
at tune zero before ctmltivation started, we
assumed all three sod sites were irs sod and
contained essentially the same amount of
SOC We also asstitned that the CRP site,
which was in a ‘tV/F rotation Far decades
before conversion to grass. contained the
same amount of SOC as the adjacent contin
uous WiT treatment (Gebhart et al 1994;
Staben et al 1997). Obviously, stich assump—
nuns can be readily confounded by slope
c000atsons.. textural vars,attons, soil profile

snanassenteni practic.e. Fe,r thts
reason, as]c’quatt. rephcattotss and coinposi.te
sampling are necessary if significant changes
a.re to be found iiiowman 1991), However.

stsat sire ii cant diflerertsc, resulted
atnient ethrcts esther than

d.sffererscc.s within treatments, even thosn4i
statistical differences v.ers. fossnd.. A resarn—
cling in 2006 (1 0’ff used as •timc zero) br

iii she rr&r’5raiu -S”’t’lsi
a dmrect con :5’arssori to ascsschastyes.

Since soil texture was not the same at all

the mo sites put snro the CRP iii 1986 had
the sante amount of time to sequester new
carbon, rate of SOC accrual would differ
because of different soil properties (Nichols
1954) The sites varied in p1-I from near neu
tral to ealcareom.is (jaFI].8).The ealcareous
soils were more sloping irs nature, with a sisal—
low solurn [depth to lime <30 cm (12 in)j
and no developed B horizon, Bulk density in
the sod was generally 10-15% less than in
W/F and CRP sites.

\Vhen all six sites were assessed together
(Figure B, the SOC content at the 0—5 cm
(0—2 in.) depth lest the W/F (5.84. Mg ha
6,500 lb sc0) and t.he CR.P (6.33 Mg ha°;
5,620 lb ac°) sites showed no differences,
t soc t 6 r b_ I

s ‘ii s
““ s

However, when e,ach site was assesses.
separately (Figure 2), three sites showed
diuibrences in. SOC content among all three

all tltrs—e 555,) usc stsnsve.i
.rrcnce 3-—tvv’eee- “2//F asic’

boll the sites .slsowed a sig.nifi.cant accrual cf
SOC in the, CR!’ treatment versus tise WiT
areas,

S S

TI’ F;csire 3’, pres.s.ite ibIs-’
ars’ haigh.Ivcorreiatcsl ‘with the clay fraction,

FMA 2002 5 501 1 sPIt? 123

Figure .
Average soil organic carbon (506) at the o— cm and the —i cm depths averaged over the sixsites.
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Results and Discussion
Chantes in .SOC N and Ti’ JOr CR1,

W/ij’ and notice sod (Study 1, Changes in
UC ent can be i stated lsrectlv by

,s5-s”,ocrs’5tr5vit15s5.’flt mnttm,.Hv “c’s’s’ zero) am
51st 5.its.mre t..mnsc. i/tics,

smilliciens time, increases it•• SOC l/on’.s a CP,P
mrlaoasenr an.d losses in. SOC content frorrs. a
.s..vsimventi’ iimsliy--sills.O. ‘W/ F trc’att r,ent cars be

1 ,Lrccls [loss-c sir. s hcn producers
time (21/li es.tal’thtmtetii of’

s’s.S’vcr to pre.vent c.rosmois was the primary
concern, at-id rso data wers.s hO.tt[sered on SOC
s.sontent or other soil paras’nete rs, Later, as

sites (Table 1), the time Ia—c ton (famnser sites’ ... From the regression, 71% of the SOC i.orl—
placed in the f2•• in 19(16, 1988, and l990), tent can be explamn.esi by the total P s ontenit,

neSt. ic-sc.1 di the ,usai’u.c smfsaisatmc’e,Whtie [(cii t.-ara:ne.Eeis arc c..ss,sllv
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density was greater in the conventionaltill
than in the reduceff’till-I system (Table 4).
Land area infested with smooth bronsegrass,
however, was less than 10% for all treatments
(data not shown). Our results with no”till and
convenuana%tiJl contrast with previous swd
ies at Akron, Colorado, where a no”till system
was 20% less effective than sweep plowing in
controlling perennial grasses (Haivorson et al,
2000; Anderson 1996). in our current study,
late. sumnse r precipitation stimulated fail
growth of smooth bromegrass; thus, we were
able to apply glyphosate in the fall to ir.prove
control (Davis et al, 197$; lvany 1981). In the
previous studies (Anderson 199$; Haivorson
ct al. 2000), perennial gnats di..d not grow in
the 15.11 because of dry conditions; herbicide
applications were delayed until the spring.

which reduced glyphosate’s effectiveness.
SOC content (0’5 cm; 15-2 in) for different

tillage systems relative to the native sod and
the CRP control plot in smooth bromegrass
showed a greater decline on the reducedstill-’
II and conventionaDtill treatments than the
no-’-tiul and reduced’-tiul--’I treatments (Table 5).
For SOC at the 5-15 cm (2-’6 in) depth, only
the reducedtil15iI and conventional”till
treatments were lower than the native sod
T8ble 5).While there was a 10% de.dine with
the reduced-till4 treatment relative to the
CRP control, that percentage increased to
20% for rise conventiona15till and reduceth
nll4i treatments.

Since grass weeds (residual or new) have to
he controlled for successful seeding and ecm
nomical grain yields, the reduced—till--I treat—

n’sent may be neces.sary to control grass weds
before planting. w nter ‘heat, Tillage with
non—inversion implements like the sweep
plow minimizes res.idue burial (Good and
Smika 1978) yet stimulates the rhizome buds
of perennial grasses to germinate (Harker and
O’Sullivan 1993). if buds remain dormant,
herbicide perfhrmance is reduced (Harker
1995). A filrther difficuity far semiarid pro—
ducers is hushed prseipitation; if August and
September prior to winter wheat planting are
dr perennial grasses remain dormant, thus
eliminating the herbicide option for grass kill
in the fall (Ivany 1981). Reduced—till systems
will aid producers in maintaining surfkce
residue as well as provide an alternative
option to control perennial grasses during dry
yeareThis agrees with the results reported by
Halvorson et al. (2000).

Summary and ConcLusion
In general it appears that some CRP sires

in northeastern Colorado were accruing
more SOC in the surface 15 cm (6 in) depth
than existing W/F sites. However, because of
possible inherent initial differences among
treatment sites, it can only be speculated that
the CRP sites contained similar amounts or
even less SOC content than the W/F sites
upon initiation of the program and that,
therefore, 1996 comparisons were inferred as
valid.

Recropping with no—till or minimum
tillage should help to conserve the gains made
during the CRP rest period.

Producers can further enhance soil protec—
non af.ter CRP conversion to cropland by
using alternative rotations or crop sequences
that minimize the frequency of fallow Since
‘many of these soils were once prone to eaces—
sive erosion, maintenance ofsurfbce cover and
frequent cropping with proper management
will be paramount to minimize degradation.
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Table 3. Potentially available N from Conservation Reserve Program residue cover, soil
organic matter (SOM), and total N.

Site Residue biomass Nt SOM- N Total N

kg/ha .. —

Platner 41 20 61
Nonka Colby 30 22 52
Colby 5.5 20 75
Keithdtuma 31 19 50
Ascalon 1 15 10 25
Ascalon 2 15 10 25
tCalculated from N concentration and residue biomass, assuming all N from plant residue
available and 30 kg N/ba available from 0G% soil organic carbon (1% SOM to a 15 cm
depth).

Table 4. Effect of tillage system on smooth bromegrass density, residue cover, and
available soil water, and winter wheat grain yield.

Bromegrass Residue Available Grain
Tillage System density* cover* * soil water* * yield

plant.s/m2 cm kg/ha

No-till 3.0 55 14,0 2890
Reduced-till - 1.5 64 17,8 2890
Reduced-till - Ii 3.4 63 11.4 2.490
Conventional-till 6.5 45 12.5 2560

LSD (0.05) 3.9 6 3.2 270 —

* 30 months after initiation of treatments
* *at planting

Table 5. Soil organic carbon contents of the different tillage practices at the ff5 and ff15
cm depths,

Soil organic carbon levels (Mg/ha)

Management 155 cm 1515 cm

Native sod 1157
CRP control (Home) 95
No till 93
Reduced-till-I 153
Reduced-till-il 151
Conventional-till 151

Hill (00% 0.7
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